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ABSTRACT

The vibrationi-rotation spectrum of the 234 ground state of strontivin monohydride has
been recorded in emission using a Fourier transform spectrometer. The rotational spectra of
Sri] and SrD have also been measured between 200 G112z and 450 Gz using an absorption
spectrometer. The gas phase free radicals have been p roduced in a ceramic furnace by the
rcaction Of elemental strontium with molecular hydrogen or deuterium in the p resence of a
high voltage electrical discharge. The molecular constants including the rotational constant,
centrifugal distortion constants, spin-rotation constants, and magnetic hype rfine interaction

constants have been determined from the spectra.
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INTRODUCTION

The diatomic metal hydrides have contributed significantly to better understanding of
chemical bonding because of their susceptibility to detailed higher level miolecula y caleula-
tions. Arnong these species, the monohydrides of the alkali ne-carth mnetals have received
considerable at tention both from the experimern qalists and the theoreticians. The mono-
hydrides of Mg, Ca, Sr, and Ba are relatively easy to synthesize in the 888-P hase and have
interesting 234 ground states. Additionaly, some of thesemolecularspecies (MgHand Call)
arc important astrophysical molccules [1-2] and their presence has been detected in the Sun
andother stars [3-6).

I 11 the laboratory, the hydrides of alkaline-carth metals have been intensively examined
through their optical spectra [7-11]. The ESR spectra of these species trapped in solid
inert gases at 4 Khave aso beeninvestigated by Knight et al [12]. Recently, the 8as-Hlhase
vibration-rol atjon spectra of these free radicals have been recorded both using diode lasers
[8,9,1 1] and Fourier transform spectromieters [13,14]! However, the gas-p hase rotational
spectra have been recorded only for the monohydrides of Mg and Ca [15-17]. 1n the present
study we investigated the rotational spectra of #8Srlland ##811) and their isotopomers. Srll
has large hyperfine splittings which allow the determination of the Fermi contact, A, and
spin dip olar, Adip, hyperfine parameters.

The first observation of Srll was reported more than sixty years ago by Watson and
Fredrikson [18] who analyzed )¢ (0,0) and (1,1) bands of the A2]] - X2) clectronic system.
Inthe last decade, the A?11 - X234 and the B2Y1 -X2 X-1 systeims were reinvestigated at
higher resolution by Appelblad ¢f al [19] using a Fourier transform spectrometer. Addi-
tionally, the rotation-vil ,ration spectra of the 23 ground states of the Sri] and Srl) were

measured by Magg ef al [11] and by Birk «f al [20].




EXPERIMENTAL

The rotation-vibration emnission spectrum of Srll has been observed using a high-resolution
Bruker LFS120 sp ectrometer. The instrament was slightly modified to alow spectral inea-
surement in emission. A 90°, ofl-axis parabolic mirror (focal length = 6 in) was placed above
the alignment port inthe source compartinent of the spectrometer. This mirror was used to
collect the molecular emission from the hot cell where the free radicals have been produced.

The gas phase Sri] was produced in a similar Al205 ceramnic tube furnace used previously
to record the vibration-rotation and rotational spectra of Call and Cal) [14,1 6], The free
radical was generated at high temperatures by the reaction of metal vapor and molecula r
hydrogen in an electrical discharge.

About 6 grams of clemental stror itium (J ol mson Mansy% purity ) were placed
in thie middle of the 90 cm lotig, 5.0 ecm diammeter ceramic furnace. A quartz liner was
used to separate the miolten metal and the alumina walls of the furnace. Thie miet al was
slowly heated while pumping to re move the impuritics.  The temperature was monitored
with a I’t thermocouple placed between the ceramic tube and thie heating elements. When
the temperature reached 630°C the pump was valved down and a mixture of argon gas and
molecul ar hydrogen was allowed into the cell. A smallflow of Ar/H, mixture was main' ained
inorder to prevent the buildup of undesirable impuritics.

A DC clectrical discharge was generated in the mixture between water cooled clec rodes
placed at bothends of the tube.  As inthe case of Call [14] 110 molecular signal could
be observed without the discharge. However the signal was stronger than the Call signal
probably because the Stz which also formn in the reaction is 1ess stable than the calcium
equivalent and more rosily reduced to Srll.

The unapodized resolution of the spectrometer was 0.0056 e~ ', A KBr beam-splitter

and a B3:Si liquid helium cooled detector were used. The spectral bandpass was limited to



800-1450 e~ T with an optical filter placed in the detector dewar. The bad fringing caused by
the unwedged fil er limited 1¢ ”useful” portion of he spectrun 0 918-1400 e~ !, Numerous

spectra were recorded while trying to optimize the conditions of the system to maximize the

molccular signal.  3ctween 630°C and 730°C the pressure in the cell dropped rapidly and
more hydrogen gas had to be added to maintain the pressure constant suggesting that solid
SrHy was formed. The formation of the solid was avoided by maintaining the .emperature
of the furnace above 750°C. The best spectrum was recorded at 850°C and 4.5 torr. Under
these conditions a 4000 V/ 280 nA clectrical discharge remained stable for many hours . At
higher temperatures the emission signal from Srll diminished considerably and disappeared
completely above 900°C.

A total of 400 scans were recorded for the best signal-to-noise ratio. We choose to u

a lower spectral resolution in order to obtain the highest signal-to-noise possible. A signal-

to-noise ratio of 35:1 for the strongest lines of the R-branch of the fundamental hand was

obtained. Figure shows a portion of the rotation-vibration spectrum of Srll. The cmission

lines of the free radical appear on the top of the black-body curve of the hot furnace. An

expanded portion of the spectrum is shown in Figure 11,

The calibration of the spectruin was carried outl using water absorption ines which ap-
peared in the same spectrum. The measured lines were calibrated against the frequencies
measured Hy R. AL Toth [21].

The rotational spectra of Srll and Sr1) were recorded in absorption using a nillimeter

spectrometer similar Lo that deseribed by Birk ef al. [22] and modified as described in Ref.

[16). The sccond through the fifth harmonics of a  07- GHz klystron were used to cover
the frequency range 214-443 Gllz.

The free radicals were produced in the same ceramic furnace used to record the rotation
vibration spectrum of Srll. The best resulls were oblained at a temperature of 750°C, 40

conditions the

mtorr total pressurc and a discharge current of 280 mA at 3500 V. Under the



clectrical discharge was very stable allowing suflicient spectral integ ration to obtain a better
than 65:1 signal-to-noise ratio for the strongest lines. A portion of the rotational spectrum
Sri] is shownin Figure 111, The well resolved molecular transitions of Sri] arc 2-2.5 Mllz
wide with Doppler and pressure broadening equally contributi ng to the line widths. For the

purpose of the fit an uncertainly of 150 kllz was assigned to cach rotational line.



DISCUSSION

The spectral analysis of the in frared spectrum was carried out using PC-DECOMP, a
spect ral analysis program developed by J. W.Brault of the National Solar observatory at
Kitt Peak. The rovibrational line profiles were fitted to Voigtl line shape functions. The
larger coverage available with the IFT'S allowed  the mcasurement of a larger number of
vibration-rotation lines in both the P- and R-branches. However, due 1o the sensitivity of
our instrument, the data set is limited only to the strongest fundamental band and to J-
values lower than 20. TThe measured vibration-rotation transitions of Srll are given in Table
1. The molecular constants were extracted by least-squares analysis using SPFI'T, aspectrum
fitting and poredicting programn written by H.M. Pickett [23]. The rotational transitions were
predicted using these constants and the hyperfine constants measured by Knight et al [12]
on matrix isolated Srll. Using the predict ion the hyperfine components of the N= 2-1, N: |-()
transitions of the v = O andwv = 1 states of ¥8Srll, andthe N= 2. 1 of thewv = O st ate of
the 8Srll could be rcadily mcasured. The blended features for the AT :3-2, N:=3- 4,
transitions of v= O andv = 1 states D and N:= 3 - 2, N:= 3 - 4 transitions of
the v = Oandv = 1 states of ¥Sr]) were also measured. Sri] data consist of three kinds of
transitions.The AJ* = AJ = 1 transitions are the strongest and appear well resolved in both
N:=1-0 and N=-2-1 transitions. T'he AJ = AJ =0 and AlI'= 0, AJ = 1 transitions are also
resolved but their intensity diminishes and the weakest three transitions could not be reliably
measured. The observed Sri) transitions appear as partially resolved or unresolved triplets
with AN = AJ =1. Therefore, the reported St frequencies are given as the center of the
blended multiplet. The measured rotational transitions for #Srlland 8651l listed together
with their assigninent are shown in Table 11. 88SrD and 8SrD lines are listed iu Table 111
together with the calculated frequencies of the hyperfine components of cach mecasured line

and the weighted average of thic unresolved hyperfine multiplet.



The data were analyzed usitig the Hamiltonian for a Hund’s case (b) 31 molecule with

nuclear spin, |. The case bgs for the nuclear spin coupling, was assumed.

]] = ]]7-f3 '1 ]]hfs
1l,;, = DBN?-DN*-{ IN®4(y4y)N?*)N- S

N, = Aised . S Aw81.5:-1- 9 1C1. S

where I3, D, 1l v, and ~j, are the rotational; quartic and sextic centrifugal distortion, and
spin-rotation interaction consta nts. The hyperfine interaction is expressed as the sum of
the isotropic and dipolar spin-spin, and nuclear spin-rotation interaction contributions. The
value of C7jisnot determined from the data and the nuclear spin- rotation term was excluded
fromn the fits. The data do however anow an upper limit of < 100 klzto be placed 011 the
magnitude of the nuclear spin - rotation interaction constant.

The #SrH vibration-rotation and rotational data were fitted together. The standard
deviation of the fit was about 100 kllz, slightly smaller than the 150 kHz experimental error
of the rotational lines. The 8SrD rotational data was fitted together with the diode laser
vibrational data of Birk ¢t al [20]. Thie Fermi contact and the dipolar interaction terms
were Tixed to the values calculated from constants of Srll using the isotope relationships
([Asisos Adiply = T/ Inpn ] [ Aise Adipln)- These constants together with the rotational, cen-
trifugal distort ion, and spin-rotation interaction constants of Sri] and Sr1) main isotopormers
arc aso showriinTable IV. For the minor isotopomers #Srll and 8Srl) only few rotational
transitions could be measured. The data was fitted keeping all the constants except the ro-
tational constant fixed to the values determined from the constants of the mainisotopomer
using the isotope relationships.

The gas phase value of the Fermi contact constant, Aise is 24 M1z larger than the argon

matrix value of 122 M1z . The same trend IS observed in Mgll and Call where the diflference



between the gas phase and the mmatrix values of the isotropic constant increases also. This
IS expected since as the metal atom becor nes heavier thie spin density on the metal atomn
increases and the bonding becomes more ionic. The dipolar interaction constant, Agp, 1S
more than twit.c the matrix value of 0.6 Mz, This is diflerent from Mgll and Call where
the difference between the gas-p hase Vaue and matrix value is negligible.

We also calculated the line intensity 11:(7), for the low- N rotational transitions of 23}7

ground states of 888G 1 and #8Sr1) according to

1i(1) = (81 /3he)vpSpup e AT - ¢ 1K),

where vyi, Syiy iz, 17 1 and QQ,5 are the transition frequency, line strength, the cor nponent
of the dipole o1 nenit along the internuclear axis, lower and upper state cenergies and the
rotation-spin partition function, respectively. The rotational line strengths, the energices,
and the line int ensity (reported as log(17)), calculated for y,= 1D and’l'= 3001{ arc given
in Tables V and V]. The uncertainty for the frequency (listed in parentheses) is an estimate

of the calculated uncertainty based 011 the lincarized least, square {it.
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Table . Measured ro-vibrationa transitions of SrH (em™ ).

N' o J° N " J" Transition o.-C
2 1 1.5 3 , 25 1150.60372 0.00079
2 1 25 3 35 1150.46819 .0.00046
3 1 25 4 _ 35 1142.87650 0.00010
3 1 35 4 4.5  1142.73867 0.00029
4 1 385 5 ° 4.5  1135.00192 -0.00045
4 1 45 5 8 5.5 1134.86129  0.00069
5 1 45 6 _ 5.5 1126.98357 -0.00048
5 1 55 6 6.5 1126.83825 -0.00033
6 1 55 7 8 6.5 1118.82505 0.00037
6 1 65 7 o 7.5 1118.67489 .0.0006G6
7 1 65 8 © 7.5  1110.52803 0.00055
7 1 7.5 & © 85  1110.37552 0.00076
8 1 %75 9 o 85  1102.09514 -0.00053
8 1 85 9 o 95 1101.93917 -0.00025
9 1 85 10 _ 9.5  1093.53209 -0.00035
9 1 95 10 8 11 1093.37284  0.00011
10 1 95 11 _ 11 1084.84053 .0.00046
10 1 11 11 © 12 1084.67828 0.00041
11 1 11 12 o 12 1076.02374 .0.00072
11 1 12 12 o 13  1075.85838 0.00037
12 1 12 13 _ 13  1067.08524 -0.00077
12 1 13 13 14 1066.91606 -0.00024
13 1 13 14 ° 14 1058.02908 0.00033
13 1 14 14 © 15 1057.85499 -0.00085
14 1 14 15 © 15 1048.85547 -0.00030
14 1 15 15 0 16  1048.67924 -0.00048
15 1 16 16 o 17 1039.39136  0.00035
16 1 16 17 o 17 1030.17511  0.00028
16 1 17 17 _ 18  1029.99244 -0.00028
17 1 17 18 18  1020.67277 -0.00012
17 1 18 18 © 19  1020.48928 0.00143
18 1 18 19 © 19  1011.06376 -0.00349
18 1 19 19 g 20  1010.87852 -0.00082
19 1 19 20 20  1001.36097 0.00015
19 1 20 20 8 21 1001.17021 0.00010




Table 1. Measured ro-vibrational transitions of Srll (cm™).

N g N g Transition 0.- C.
31 25 2 015 1193.57150 -0.00008
31 35 2 0 25 1193.68140  0.00029
41 35 3 0 25 1200.17953  0.00088
4 1 45 3 035 1200.28447  0.00075
5 145 4 035 1206.61244  0.00016
5 1 55 4 045 1206.71260 -0.00028
6 1 55 5 045 1212.87035  0.00106
6 1 65 5 0 55 1212.96381 -0.00158
‘7 1 65 6 055 1218.94528 -0.00124
71 75 6 0 6.5 1219.03719 -0,00086
81 75 7 0 6.5 1224.84024 -0.00056
8 1 .85 7 025 1224.92835  0.00065
9 1 85 8 0 75 1230.55000 0.00101
9 1 95 8 0 85 1230.63170  0.00049
10 1 95 9 0 85 1236.06958 0.00158
100 1 11 9 0 95 1236.14336 -0.00210
11 1 11 10 0 95 1241.39529  0.00056
11 1 12 10 0 11 1241.46631 -0.00106
12 1 12 11 0 11 1246.52573 -0.00041
12 1 13 11 0 12 1246,59648  0.00259
13 1 13 12 0 12 1251.45977  0.00056
13 1 14 12 0 13 1251.52136 -0.00064
14 1 14 13 0 13 1256.19034 -0.00061
14 1 15 13 0 14 1256.24815 -0.00057
15 1 15 14 0 14 1260.71791 -0.00051
15 1 16 14 0 15 1260.77240  0.00129
16 1 16 15 0 15 1265.03715 -0.00158
16 1 1’7 15 0 16 1265.08804  0.00178
17 1 17 16 0 16 1269.14876 -0.00024
17 1 18 16 0 17 1269.19091 -0.00040
18 1 18 17 0 17 1273.04559 -0.00085
18 119 17 0 18 1273.08389  0.00044
19 119 18 0 18 1276.72936  0.00110
19 1 20 18 0 19 1276.75951 -0.00041




. Measured rotational ransitions of #Srll anc 8¢Srll.
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Table IV, Molecular constants of #SrH and *SrD (in MHz).

Constant s]] Srh

13 108927.8503(149)” 55349.1082(302)
Do 4 06069(1 33) -1.04550( 93)
1y x 10° 10.60(27) 0.1378’

~o 3717.062(94) 1888. {)12(174)
YD y0 - 0.3365(99° 0.08637

Aiso 146..159(201) 22.773¢

Adgip X 3 4.04(40) 0.6257

" 35159841.6(4.7) 25229832.5(72)

13 106521.7245(171)° 54483.173(26)
1) 4.054022(131) 1.04428(93)’
" 3593.800(153) 1844.4787(174)
Aison 151.10(66) 22774

Arsii)] X3 4.37(59) 0.625¢

‘a. One standard deviation is included in parentheses

b. Common for both vibrational statles
¢. Fixed to the values calculated from the Dunham ’s Y’s of Ref [18§]
d. Fixed to the values calculated from the #8SrH constants

using isotope relationships.




Table V. Line intensities of the low- N rotational transitions of X2)state of

Srll.

Freq(lo unc.)/MHz Line Str. log(lse0) ¥fem™ N * 3 p* N# 3«

214073,932( 85) 0.65648  -3.0720 00049 | 05 1 o 05 1
214121.722(158) 0.3333 - 3.3651 00049 1 05 O 0 05 1
214220.091(198) ().3452 -3.34{)5 0.0000 1 0.5 1 0 05 O
219601.306(125) (3452 -3.3281 00049 1 1.5 1 0 05 1
219697.518( 47) 1.6667 -2.6440 00049 1 15 2 0 051
21{)74'7.464(102 0.6548  --3.0495 00000 ! 1.5 1 0 05 O
428092.238(139 ().2962 - 2.8373 73332 2 156 2 [ 15 2
428150.1835] 483 0,0333 --3.7858 73332 2 15 1 156 2
428188.451(155 0.0313 -3.8136 73300 2 1.5 2 [ 15 1
428246,395(182) 0.1726 - 3.0715 7.3300 2 1.5 1 1.5 1
433715.825( 55) 1.6726  -2.0739 71456 2 1.5 2 [ 05 |1
433725.979( 88) 0.6667  --2.4734 71472 2 15 1 05 0
433773.769( 92) 03274 27821 71456 2 15 1 I (5 1
437351 .598( 91) 0.2038 - 2.9813 73332 2 25 2 L 15 2
437438.272( 58) 2.8000 -1.8432 73332 2 25 3 [ 15 2
437447.81 1( 66) 1.7961 - 2.0360 73300 2 25 2 L 1.6 1
442975.184(151 0.0000 - 6.6200 71456 2 25 2 L 05 1
641925.147 § 0.1886  -2.7191 21.9246 3 25 3 2 25 3
641987.26921% 0.0095 -4.0158 21.9246 3 25 2 2 25 3
642011.821(211 0.0088 --4.0478 21.9217 3 25 3 2 25 2
642073.943(220 0.1359 - 28613 219217 3 25 2 2 25 2
651271.180(139) 2.8025 -15342 216128 3 25 3 2 1.5 2
651275.3.58(139 1.8000 -1.7265 216147 3 2.5 2 2 15 1
651333.302(140 0.1975 - 2.6862 216128 3 25 2 2 1.5 2
654900.570(138 0.1447 -28172 219246 3 35 3 2 25 3
654983.169 §144 3.8571 -1.3913 219246 3 35 4 2 25 3
654987.244 (147 2.8553 -1.5220 219217 3 35 3 2 25 2
664246.603(213) 0.0000 -6.8154 21.6128 3 3.5 3 2 1.5 2
855473.882(529) 0.1378  --2.6587 437728 4 35 4 3 35 4
855538,305(504) 0.0040 - 4.1993 43.7725 4 35 3 3 35 4
855556.481 (4196) 0.0037  -4.2327 437697 4 35 4 3 35 3
855620,904(481) 0.1085  -2.7623 43.7697 4 35 3 3 35 3
868531 .905(321) 3.8586 - 1.1979 43336{) 4 35 4 3 25 3
868534.205( 320 2.8571 -1.3284 433390 4 35 3 3 25 2
FJ85W.328HI10 0.1415  -2.6336 433369 4 35 3 3 25 3
872154.703 0,1122 -2.7318 43.7725 4 45 4 3 35 4
872235.039 4.8889 - 1.0925 437725 4 45 5 3 35 4
872237.302 3.8878 - 1.1920 43.7697 4 45 4 3 35 3

4 4 3 25 3

885212.726(6001 0.0000  _6.9895 43.3369




Table VI. line intensities of the low- N rotational transitions of X?2)tstate of

Sri).
Freq(lo unc.)/Mlz Line Str. log(lse) Efcm~ ' N J I N g gy
108790.149(207 0.7327 -4.0841 00011 1 0515 0 05 15
108801.181 (207 0.5910 -4.1774 00011 I 05 0.5 0 05 1.5
108824.309(207 0.6006 -4.1702 00000 ! 05 15 0 0.5 05
108835.340(207: 0.0757 -5.0697 0.0000 [ 05 0.5 0 05 05
111608,151(79) 0.0757 - 5.0479 00011 [ 1505 O 0.5 1.5
111619.557(79 0.6006 -4.14s3 00011 ! 15 15 o 05 1.5
111638.363(79 2.0000 -3.6257 00011 1 1525 O 0.5 1.5
111642.311(79 0.5910 - 4.1551 0.0000 ! 1505 0 05 0.5
111653.71779 0.7327 - 4.0616 0.0000 | 1.51.5 () 05 0.5
217567.905(402’ 0.3334 -3.8356 3.7250 2 1.5 25 1 15 2.5
217579.105(402° 0.0638  -4.5536 3.7250 2 15 15 1 15 25
217586.711(402 0.0623 - 4..5640 3.7244 2 15 25 1 1.5 1.5
217597.911(402° 0.1456 -4.1954 3.7244 2 1.5 15 1 1.5 1.5
217604.658402’ 0.0601 - 4.5799 3.7244 2 15 05 1 1.h 1.5
217609.317402< 0.0592 - 4.5860 37240 2 1515 1 1.5 0.5
217616,064(402° 0.0757 -4,4793 37240 2 15 05 1 1.5 0.5
220416.11 ]56: 2.0043 - 3.0452 36300 2 15 25 1 05 1.5
220416.287(156 0.7424 - 3.4766 36304 2 15 15 1 05 0.5
220423.034(156° 0.5910 - 3.5756 36304 2 15 05 1 0.5 0.5
220427.319(156° 0..5891 - 3.5770 3.6300 2 1.5 1.5 1 05 1.5
220434.065(156: 0.0733 -4.4821 36300 2 1.5 05 1 05 1.5
22227%).84 1 (93) 0.0162 - 5.1310 3.7250 2 25 15 1 15 25
222291.190(93) 0.3866 - 3.7528 37250 2 25 25 1 1.5 2.5
222298.647&3) 0.3854 - 3.7542 37244 2 25 15 1 15 15
222306.986(93 3.2000 - 2.8349 37250 2 25 35 1 1.5 2.5
222309.99693 2.0134 - 3.0361 37244 2 25 25 1 15 1.5
222310.05383 1.1984 - 3.X14 37240 2 25 15 1 1.5 0.5
326298.225(579) 0.2087 -3.7063 111404 3 25 35S 2 25 3.5
326309.456(579) 0.01 86 -4,7559 111404 3 25 25 2 25 35
326314.021(579) 0.0181 -4.7671 1.1398 3 25 35 2 25 2.5
326325,252(579) 0.1353 - 3.8945 11398 3 25 2.5 2 25 25
326333,298(579) 0.0184 - 4.7606 11398 3 25 15 2 25 25
326336.601(579) 0.0181 - 4.7686 11395 3 25 25 2 25 15
326344.648(579) 0.0971 -4.0383 11395 3 25 15 2 25 15




‘J’able VI. Line intensities of the low-N rotational transitions of X231 state of

SrD.

Freq(lo unc. )/MHz Line Str. log(1a00) it/cml N* J°

331037.306(160
331037.337(160
331038.637(160
331045.383(160
331048.537 (160
331056.584(160)
332899.331 (91)
332910.659
332915.127
332925.1 66(91)
332926.455(91)
332926.476 (91)
434955.435(736
434966.680(736 ;
434969,942(736
434981.187(736 3
434989.954(736
434992.51 7363
435001.282(736
441582.376(150 ;
441582.389(150)
441583.110(150)
441591.156(150)
441 593.620(150)
441602.388(150)
443442.°746 103
443454.063 1403
443457.252(103)
443467.854(103)
443468.570(103)
443468.581(103)
543514.715(888)
543525,968(888)
543528.506(888)
543539, 758(888
543548.983(888
543551.076(888
543560.301(888)

3.2018
2.0171

1.2000
0.3829
0.3824
0.0159
0,0059
0.2811

0.2807
4.2857
3.1474
2.2848
0.1502
0.0078
0.0076
0.1117
0.0078
0.0077
0.0882
4.2867
3.1494
2.2857
0.2792
0.2'790
0.00568
0.0028
0.2202
0,2200
5,3333
4.2242
3.3328
0.1167
0.0040
0.0039
0.0932
0.0040
0.0039
0.0773

- 2.5076
-2.7083
--2.9339
-3.4300
- 3.4305
-4.8122

5.2394
- 3.5596
- 3.5602
- 2.3765
- 2.5105
-2.6496
- 3.6204
—4.9096
-4.9209
-3.7547
- 4.9103
- 4.9191
- 3.8576
-2.1574
-2.2913
-2.4305
-3.3437
-3.3440
- 5.0264
-5.3455
- 3.4436
- 3.4439
- 2.0594
- 2.1606
- 2.2636
-3.5767
- 5.0419
- 5.0532
- 3.6745
-5.0414
-5.0507
- 3.7558

10.9823
10.9827
0.9829
0.9827
0.9823
0.9823
1.1404
1.1404
1.1398
11.1404
11.1398
11.1395
22.2455
22.2455
22.2451
22..2451
22.2451
22.2447
22.2447
22,0245
22.024{1
22.0251
22.0249
22.0245
22.0245
22.2455
22.2455
22.2451
22.2455
22.2451
22.2447
37.0380
37,0380
37.0376
37.0376
37.0376
37.0372
37.0372
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FIGURE CAPTIONS

Figure 1.
Portion of the infrared cmnission spectrum of Srll.
The transitions Of the free radical appear inemission onthetop of a
large continuum which originates mostly from the walls of the hot d].

Figure 11.

Expanded portion of the infrared emission spectrum of Srll.
around the P(9) line of the fundamental band.

The doublet structure of the rotationallines is a result of splitting
of the energy levels due to spin -rotation interact ion.

Figure 111.

Portion of the rotational spectrum of SrH



